Laccase produced by nitrogen-limited culture of Coriolus hirsutus was purified to electrophoretic homogeneity (133-fold) with an overall yield of 40 %. The molecular mass of the enzyme was determined as 82 kDa by SDS-PAGE and 80 kDa using gel filtration. It had a pI of 3.50. With ferulic acid and 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonate) (ABTS) as the substrate, the enzyme had optimal activity at pH 4.0 and 2.5, respectively. The enzyme was stable in the range pH 5.5 to 7.0 at 30 °C for 1 h. The enzyme was optimally active at 70 °C and it lost all activity within 15 min at 80 °C. The apparent K m value of enzyme toward ABTS was 67 °M and had highest affinity toward sinapinic acid. The enzyme was totally inhibited by 0.01 mM cysteine.
Introduction
Laccases are copper-containing enzymes catalyzing the oxidation of a number of phenolic compounds and aromatic amines by using molecular oxygen as the electron acceptor (Reinhammar and Malstrom, 1981) . These enzymes are widely distributed among plants and fungi (Hatakka, 1994; Mayer, 1987) . The proposed physiological roles of these enzymes, biosynthetic in plants (Bao et al., 1993; Sterjiades et al., 1992) or biodegradative in fungi (Bourbonnais and Paice, 1990; Kirk and Farrell, 1987) , are not yet clear. Fungal laccases oxidize phenolic units in lignin to phenoxy radicals, which can lead to the degradation of some structures (Bourbonnais and Paice, 1992; Kawai et al., 1988; Kirk et al., 1968) . In the presence of appropriate primary substrates, laccases oxidize non-phenolic compounds that otherwise are unattacked (Bourbonnais et al., 1995) .
In this work, we describe the purification and its properties of a laccase secreted by the white rot fungus, Coriolus hirsutus. Laccase assay Laccase activity was assayed by measuring the oxidation of 100 M 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) buffered with 20 mM sodium acetate buffer (pH 4.0). Formation of the cation radical was monitored for 5 min at 420 nm (ε max ϭ 3.6 ϫ 10 4 M -1 cm -1 ) (Eggert et al., 1996) . One unit of enzyme activity was defined as the amount of enzyme oxidizing 1 mol substrate per min.
Materials and methods

Organism and culture conditions
Analytical procedures
Protein concentration was determined by the method of Bradford (1976), using bovine serum albumin as a standard.
The molecular mass of native enzyme was determined by gel filtration on a Superose 12HR 10/30 calibrated with appropriate maker proteins. SDS-PAGE was performed on a 5 to 20 % (w/v) polyacrylamide gel by the method of Laemmli (1970) . Isoelectric focusing was performed on 5 % (w/v) polyacrylamide gel with a thickness of 1 mm and a pH gradient from 2.5 to 5.5.
Biotechnology Techniques, Vol 12, No 2, February 1998, pp. Purification of enzyme Acetone at Ϫ10 °C was added to the clarified culture filtrate (at 4 °C) up to 65 % saturation and the resulting precipitate was collected by centrifugation. After removing the acetone by N 2 purging, the precipitate was resuspended in a minimal volume of 20 mM sodium phosphate buffer (pH 6.0, buffer A). The redissolved protein was loaded onto a Sephacryl S-200 HR column (2.5 ϫ 120 cm) and eluted with the same buffer at of 30 ml/h, collecting 10 ml fractions. The active fractions were applied to a DEAE Sepharose CL-6B column (2.8 ϫ 18.5 cm) equilibrated with buffer A. The column was subsequently washed with 200 ml of equilibration buffer, the enzyme fractions were then eluted with a linear concentration gradient of 0 to 0.4 M NaCl at a flow rate of 30 ml/h. The pooled active fractions were further purified by a phenyl Sepharose CL-4B column (2.8 ϫ 18.5 cm) which was equilibrated with buffer A, containing 1.0 M (NH 4 ) 2 SO 4 and the enzyme was eluted with a linear gradient of (NH 4 ) 2 SO 4 (1.0 M to 0.0 M).
Kinetic calculations
Rates of substrate oxidation were determined by spectrophotometry, using molar extinction coefficients of various substrates. The molar extinction coefficient determined in 20 mM sodium acetate buffer (pH 4.0) were 12,483 cm -1 M -1 at 287 nm for ferulic acid, 35,645 cm -1 M -1 at 470 nm for 2,6-dimethoxyphenol, and 8,360 cm -1 M -1 at 316 nm for sinapinic acid. The K m and V max values were determined by measuring initial velocity.
Results and discussion
Purification of laccase Laccase was purified to homogeneity according to the procedure summarized in Table 1 . Three chromatographic steps were required to purify laccase. At the end of the process laccase had been purified 133-fold, with a yield of 40 %.
Biochemical properties of laccase
Based on gel filtration chromatography on Superose 12HR 10/30, the molecular mass of native laccase was estimated to be 80 kDa and value obtained by SDS-PAGE was 82 kDa, indicating that enzyme is monomeric protein (Fig.  1) . The isoelectric point of the enzyme was determined to be 3.50 by analytical isoelectric focusing. The characteristics of laccase of C. hirsutus is not atypical among fungal laccases. Most of them are monomeric proteins with molecular masses between 50 and 80 kDa (Bollag and Leonowicz, 1984; Thurston, 1994; Yaropolov et al., 1994) . However, the isoelectric point is lower than those of isozymes of Pleurotus eryngii (Munoz et al., 1997) .
Laccase had an optimal pH of 4.0 with ferulic acid as the substrate and it showed maximum activity at pH 2.5 with ABTS (Fig. 2) , which was similar to the case of Myceliophthora thermophila (pH 2.7 for ABTS and 6.5 for syringaldazine) (Berka et al., 1997) and Ceriporiopsis subvermispora (pH 3.0 for ABTS and 5.0 for guaiacol) (Fukushima and Kirk, 1995) . The difference in optimum 
